T h e filamentous fungus, Mortierella alpina, accumulates complex lipids relatively rich in arachidonic acid ( C z 0 ,, A5.R.11.14 ). T h e lignan, sesamin, has been used to reduce arachidonic acid production by specifically inhibiting A5-desaturation [Shimizu, Akimoto, Shinmen, Kawashima, Sugano and Yamada (1991) Lipids 26, 512-5161. Microsomal membrane preparations from M . alpina exhibit acyl-CoA : 1 -acyl lysophosphatidylcholine acyltransferase (LPCAT) activity. L P C A T is an enzyme involved in channelling Key words: inhibition, 1ysophosphatidylcholine:acyl-CoA acyltransferase, microsome. Abbreviations used: LPCAT, acyl-CoA: I -acyl lysophosphatidylcholine acyltransferase: Nbs,, 5-5'-dithiobis(2-nitrobenzoic acid); PtdCho, phosphatidylcholine: IysoPtdCho, lysophosphatidylcholine. 'To whom correspondence should be addressed (e-mail a.kstobart(2 bristol.ac.uk).
Discussion
Gel filtration in urea of sunflower microsomal L P C A T followed by trypsin treatment resulted in some 100-fold increase in enzyme purity as judged by SDS/PAGE. T h e partially purified LPCAT contained two major polypeptides of apparent molecular mass 54 and 61 kDa. These polypeptides were labelled in photoaffinity studies with N,lysoPtd[:'H]Cho and hence were strong L P C A T candidates. T h e apparent molecular masses of these proteins differed slightly to the molecular mass of equivalent polypeptides observed in trypsin-treated microsomal membranes. This change in mobility on the gel may have been due to reaction with the cyanate present in urea [12] used for gel filtration. T h e photoreactive NJysoPtdCho acted as an efficient substrate for L P C A T in the dark. Exposure to UV light resulted in 50 photo-inhibition. T h e photo-inactivation of L P C A T activity was overcome by the addition of excess IysoPtdCho, the natural substrate of the enzyme, indicating site-specific binding of the photoreactive substrate.
Introduction
Sesamin, a lignan characterized from sesame oil [1, 2] , has been reported to inhibit fatty acid A5-desaturase activity and hence the conversion of dihomo-y-linolenic acid (Czo AR,11.14) to arachidonic acid (Cz0 A5.8.11.14 ) [3-51. T h e filamentous fungus, Mortierella alpina, contains large quantities of arachidonic acid in membrane and storage lipids and hence is a useful organism for biochemical and molecular studies on w-6 polyunsaturated fatty acid biosynthesis [6-81. Acyl-CoA : 1 -acyl lysophosphatidylcho-line acyltransferase (LPCAT) is responsible for the acylation of sn-1 -acyl-lysophosphatidylcholine (IysoPtdCho) to yield phosphatidylcholine (PtdCho) and is important in oilseeds and some fungi for the channelling of fatty acid substrates to the sn-2 position of sn-phosphatidylcholine for subsequent desaturation and polyunsaturated fatty acid production. In studies on arachidonic acid formation in M . alpina we have used sesamin to manipulate the fatty acid content of complex lipids. As part of this programme we observed that sesamin appeared to act on enzymes other than desaturases and particularly LPCAT. It is these results that are reported here. After 5 days, mycelium was harvested and used in the preparation of microsomal membranes.
Experimental

Microsomal membrane preparations
Cultures were harvested by filtration and kept on ice and all further procedures carried out at 4 "C.
T h e mycelium was suspended in 0.1 M potassium phosphate buffer, p H 7.2, containing 0.33 M sucrose, 0.1 "lo BSA (fatty acid-free), 1000 units of catalase.ml-' and 1 m M Pefabloc. After grinding in a glass homogenizer, the homogenate was centrifuged at 20000g for 30 min. T h e supernatant was filtered through Miracloth'* and centrifuged at l00000g for 90 min after which the microsomal pellet was resuspended in phosphate buffer (0.1 M, p H 7.2) and stored at -70 "C until required.
Enzyme assays
L P C A T activity was measured in a continuous spectrophotometric assay using 5,5'-dithiobis(2-nitrobenzoic acid) (Nbs,) and following the change in A,,, at 25 "C. T h e assay routinely contained 50nmol of Nbs,, 20nmol of oleoyl-CoA and 50 m M potassium phosphate buffer, pH 7.2. Palmitoyl-lysoPtdCho (30 nmol) was added to the sample cuvette, and the reaction initiated by the addition of microsomes (final volume 1 ml). In inhibitor studies, sesamin in D M S O was added to the cuvette prior to the addition of microsomes (equivalent to 10 pg of protein). Initial rates were used to calculate the free CoA released in the reaction using an extinction coefficient of 13.6 mM-'.cm-'.
Enzyme activity was also measured using a discontinuous radioactive assay. Microsomes (equivalent to 2.5 pg of protein) were incubated with ['4C]oleoyl-CoA (5 nmol; specific activity 0.4 kBq/nmol), palmitol-lysoPtdCho (7.5 nmol) and 50 m M potassium phosphate buffer, p H 7.2 (final volume 0.25 ml) for 5 min. In inhibitor studies, sesamin in DMSO was added to the incubation mixture. Reactions were terminated by the addition of 0.15 M acetic acid and the lipids extracted in a chloroform/methanol medium [9] . Lipids were purified by T L C on precoated silica-gel plates with chloroform/methanol/acetic acid/water (85 : 15 : 10: 3, by volume). T h e PtdCho was removed from the plates and radioactivity determined by liquid scintillation using PCS".
Results
Microsomal membrane preparations from M .
alpina exhibited good L P C A T activity in the spectrophotometric assay with a specific activity of 65 nmol.min-' ' m g of protein-'. T h e addition of sesamin to the membranes, however, had a marked effect and at a concentration of only 1 pM brought about a 30'y0 reduction in activity (Figure 1) . SOn/, inhibition of L P C A T was routinely achieved at a sesaniin concentration of 5 pM. Preliminary kinetic studies suggested that the sesamin was acting as a competitive inhibitor of LPCAT.
In order to confirm the inhibitory effects of sesamin on LPCAT activity it was considered necessary to measure the enzyme using a radioactive assay based on the incorporation of radioactive oleate from ['4C]oleoyl-CoA into the sn-2 position of sn-PtdCho in the presence of excess sn-1 -acyl-lysoPtdCho. The results (Table 1) show that the microsomal membranes efficiently catalysed the esterification of sn-1 -acyl-lysoPtdCho with radioactive oleate with a similar specific activity to that observed with the spectrophotometric assay. Sesamin had a considerable effect on the incorporation of radioactivity and at 70 pM brought about some 86 :lo inhibition.
The sensitivity of LPCAT towards sesamin was investigated in microsomal membrane preparations from other Mortierella species and organisms. Similar inhibitory affects were found with M . isabellina. However, little inhibitory activity could be demonstrated in microsomes from Mucor circinelloides, developing sunflower (Helianthus annuus L.) seeds and guinea pig (Cavia porcellus) liver.
In order to establish that sesamin could modify arachidonic acid content as previously reported [3,4], M . alpina was grown in liquid medium supplemented with sesamin (70 pM) and after 5 days growth the mycelium was harvested and analysed for its complex lipid and fatty acid content. In control cultures the dihomo-ylinolenic acid : arachidonic acid molar ratio was 1 : 10 whereas in the sesamin treatments it was 1 : 1, indicating a reduction in arachidonate content and the accumulation of dihomo-y-linoleate. Analysis of the fatty acids present at the sn-1 and sn-2 positions of sn-PtdCho showed that in the presence of sesamin there was a large increase in dihomo-y-linolenic acid esterified to the sn-2 carbon, whereas the arachidonic acid at this position was now absent (results not given). Nonetheless the arachidonic acid in the total lipid in cultures supplemented with sesamin, although reduced by over 60 o/, , was still 12 of total fatty acids.
Discussion
Previous work has shown that M . alpina grown in liquid medium supplemented with sesamin has a reduced archidonate content and is enriched in dihomo-y-linolenate [4] and this was confirmed in the experiments reported here. In microsomal membrane preparations of Morteriella species sesamin was also an extremely efficient inhibitor of the enzyme LPCAT, but had little effect on the LPCAT in other organisms. T h e reason for the difference between sensitivity to sesamin in Mortierella species and other organisms is unclear. T h e further conversion of sesamin to an active product in Mortierella seems unlikely since in spectrophotometric assays no lag phase was apparent before sesamin became inhibitory and in experiments combining microsomal membranes from Mortierella and other organisms no further inhibition occurred. T h e Mortierella LPCAT may however be more exposed at the surface of the microsomal membrane and preliminary experiments indicate that the Mortierella enzyme may be more sensitive to trypsin digestion than found in microsomes from other organisms (results not given).
T h e relatively low yet still significant levels of arachidonate in cultures grown in the presence of sesamin is interesting. This, together with the complete lack of arachidonate at the sn-2 position of sn-PtdCho in the sesamin treatment may indicate A5-desaturation of fatty acid substrates with differing sensitivities toward sesamin. It is possible that the A5-desaturase can act on both acylCoA and PtdCho substrates with the complex lipid desaturation being more sensitive to sesamin. Work is in progress to clarify these suggestions.
Introduction
Phosphatidylcholine is the major lipid of most plant membranes (with the notable exception of chloroplasts) and it is made predominantly by the CDP-base pathway [l] . Choline kinase (EC 2.7.1.32) catalyses the initial reaction of this pathway, in which choline is phosphorylated by ATP. Wittenberg and Kornberg [2] first demonstrated choline kinase in brewer's yeast as well as in extracts of acetone powders from animal tissues. T h e enzyme has been characterized in rape seed [3] , spinach leaves [4] , soya bean [5] and castor bean endosperm [6] , and it has been partially purified from soyabean [7] .
We have been studying the control of phosphatidylcholine synthesis, especially as a result of hormonal regulation in peas (e.g. [8] ) and, therefore, had an interest in purifying choline kinase and isolating its cDNA. T h e latter has been cloned from animals, yeast and soya bean. In soya bean, three cDNAs were found, two of which had fullKey words: Pisurn sobvurn, heterologous expression. Abbreviation used: IPTG, isopropyl P-D-thiogalactoside. 'To whom correspondence should be addressed (e-mail harwood@cardifEac.uk).
length reading frames coding for proteins of 359 and 362 amino acids [9] . We have used this sequence information to isolate a pea choline kinase cDNA.
Materials and methods
Partial purification of choline kinase
A soluble extract from shoots of 34-day-old seeds was purified by ammonium sulphate precipitation, DEAE-ion exchange, gel-permeation and affinity chromatography, the latter on cholineSepharose.
Reverse-transcriptase PCR
Total RNA was isolated by using RNeasy Plant Mini Kit (Qiagen). mRNA was isolated from total RNA by using the Oligotex mRNA Mini Kit (Qiagen) according to the manufacturer's instructions. mRNA was reverse-transcribed to cDNA using an oligo(dT) primer to obtain the first strand of cDNA. T h e PCR conditions were as follows: using hot start procedure (PE Biosystems), 95 "C for 10 min and then 80 "C for 30 rnin followed by 32 cycles at 95 "C for 1 min, annealing temperature for 1 min, 72 "C for 2 rnin and finally an extension step at 72 "C for 5 min. T h e PCR products were separated by agarose gel electrophoresis, stained with ethidium bromide and visualized under a UV illuminator.
Expression of choline kinase in Escherichia coli
T h e expression of the entire coding region of choline kinase cDNA in Escherichia coli cells (TOP10 One Shot) was carried out using the expression vector pTrcHis2 T O P 0 T A Cloning@ 
